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(57) Abstract .. 

The present invention is directed to controlling an ink jet printing device during an interieaved. or overlap, mode of operation. A 
printing device (2) configured to scan back and forth across a printing medium (4) Includes a plurality of ink Jet [vint heads (6. 8, 10. 12, 
14, 16, 18, 20, 22, 24, 26, 28). Ink jet nozzles of the print heads which would normally be in<^>erative during a given scan of the printing 
device are sdectively activated by a print device controller (82) to compensate f<»^ nozzles determined to be inoperative. 
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PRINTING SYSTEM AND INK JET NOZZLE CONTROL METHOD AND AWARATUS HAAONG COlvfPENSATION 
FOR MAUnfl^OT 

BACKGROIJNB OF THE INVfiNTTQN 
Fteld of th^ liiyeirtiiPB 

The present invention relates generally to control of k printing device, and 
5 more particularly, to the control of such a device during printing in an interleaved 

State ftftfteA^^^ 

luting deviceSi such as Ink jet printing devices, are well known. These 
types of printers are ayaiiable from, for exanq>le> Hibwibtt Packard 2uid ENCAD, As 

10 those skilled in the art will appreciate, ink jet printers ofteii include at least one non- 
interleaved, or non-overlap mode of operation wherein no overlap of the print device 
over earlier printed bands occurs. Furtifer, these deyibes uiciude at least one 
interleaved, or overlap, mode of operation. To better assist in an understanding of 
the present invention, a brief review pf an overlap mode of operation will be 

15 provided. 

A typical ink jet printing device includes plural print heads, each of which 
includes a plurality of ink jet nozzles . The plural jnk jet associated with a . 

given color of prmting ink can be diisplaced from one another in a vertical direction; 
In a non-overlap mode of operation, all of the iidc jet nozzles are operated to print a 
20 continuous band as the print head is moved across a printable medixmi. Each pass of 
the print head across the printable medium (e.g., sheet of paper) constitutes a printed 
band. In the non-overlap mode, the print head is repeatedly scanned back and forth 
across the sheet without overlapping a previously printed band. 
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In contrast, in an overlap mode, the print head is controlled such that a given 
percentage of the print head, and thus the ink jet nozzles, overlap a previously 
printed band on the sheet (e.g. , 25% or 50% of the nozzles in the print head overlap 
a previously printed band). As such, each area of the sheet is printed using multiple 
5 scans with different portions of die print head or heads. Such a technique is 
considered to improve the consistency of a printed image. 

One drawback associated with conventional ink jet printing devices^ 
regardless of wheHier they operate in an overlap mode or in a non-overlap mode, is 
that when one or more ink jet nozzles nudfimctions, undesiied mconsistencies can 
10 * printed image. This can be disastrous to a production fun. It would 

therefore be desirable to provide some method and device which can account for the 
occurrence of inalimictioning ink jet nozzles without requiring discontinuation of the 

printing:Of^ration... 

SUMMARV OF THR INVRNTTOV 
15 Exemplary embodiments of the present invention are directed to a method and 

apparanis for controlling an ink jet printing device during an interleaved, or overiap, 
mode of operation to conq)ensate for malfiinctioning ink jet nozzles! According to 
exemplary embodiments, when one or more Inkjet nozzles is detected to be 
malfunctioning, Inkjet nozzles Which would not nonnally be used during a given 
20 scan of the print head are selectively activated to compensate for malfunctioning 
nozzles. 

Generally speaking, exeraplary embodiments relate to a method and apparatus 
for controlling ink jet nozzles of a printing device, by identifying Inkjet nozzles in 
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the printing device which have ihalfunctiohed; and by controlling the output of 
remaming ink jet nozzles in the printing device to compensate for said maliunctioning 

ink jet hbiESdes^ 

BRIEF DES CRIPTION OF THE DR^ 
5 Other objects and advantages pf the present invention will become apparent 

from the following detailed description of preferred embodiments when read in 
conjunction with the accon^anying drawings, wherein like elements are designated 
by like reference numerals, and wherein: 

Figiiires l show a print device and cbntrol system therefor, as well as a 
10 test image prodiu^ed to detea nmlfunctioning no 

Figures 2A-2G illustrate an overlap mode iii aiccordaiice with an exemplary 
embodmieht df the present mvention; 

Figurie 3 illustrates a 25% overlap mode of operation in accordance with an 
exeinpl2ury eni^^ 

15 Figures 4A-4C illustrate scan masks for use iii ink jet nozzle control 

according to an exemplary embodiment of the present invention; and 

Figures 5A-5C illustrate look-up tables for implementing compensation oiF 
scan masks in accordance with exemplary embodiments of the present invention. 
DETAn^ED DESCRIPTION OF THE PREFERRED EMBODIMENT 
20 Figure 1 A illustrates a print head and print head control system which can be 

used in accordance with exemplary embodiments of the present invention. In the 
exemplary Figure 1 A illustration, a print device having at least one print head is 
positioned over a sheet 4 of printable material (e.g., paper). Continents used to 
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mount the print device do not constitute part of the present invention and are 
therefore not illustrated in Figure lA for purposes of simplifying the drawing. 

The print device 2 of Figure 1 A is shown to include plural print heads. While 
any number of print heads can be included on the print device 2, for purposes of 
5 simplifying the following discussion, 12 print h^ds labelled 6-28 are illustrated. In 
an exemplary embodiment, the three print heads 6, 8 and iO are associated with a 
first color (e.g., black). The second row of thras print heads 12, 14 and 16 are 
associated whh a second col^ 

■ 'a ■ 

22 are associated with a third color (e.g. , cyan), A fourth rbw of print heads ^4, 26 
10 and 28 are associated with a fourth color (e.g., magenta). Although three print heads 
are shown with respect to each color, those skilled in the art will appreciate that any 
number of such print heads can be associated with each color. Further, those ^Idlled 
in the art will appreciate that any number of rows of print^^^^^^ be used to 
accommodate any number of different colors (e.g., six color printing can be 
15 implemented by adding additional rows of print heads). 

The print device 2 is configured to span back and forth horizonu^^^ 
printable mediuna, such as the sheet 4, and can be aaii^^ to print in both 
directions. To better understand the following discussion, an exemplary operation of 
the print heads will be provided. 
20 Each of the print heads 6-28 includes a number of ink jet nozzles. For 

example, each of the print heads can be configured to include 128 such nozzles 
arranged along the length of the print head. When viewing the print heads associated 
with a given color (e.g., the print heads 6, 8 and 10 associated with the color black) 
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in a vertical direction of Figure 1 A, the print heads are aligned such that the 
lowermost nozzle of the print head 6 is above the uppennost nozzle of the print head 
S. Similarly, tfie lowermost nozzle of the print head 8 is located above the 
uppermost nozzle of the print head 10. Each row of print heads (i.e., the lower rows 
5 ^sociated Wifl^^ flie reimin^ sinailarly 

■ ■ •• configiHed". •; ■ ■ 

In a ndnroverlap mode of opeiation, a pritited band would be produced on the 
sheet 4 by traversing th^^ 2 across the sheet, with iifflc jet no2z^^^ being 

selectively activated. For exanqile, ^ 

10 nozzles in each of the print heads 6, 8 and 10 would be activated. Because the Ink jet 
nozzles do not overlap in a vertical direction, a solid band would be produced as the 
print device 2 scans acfoss1p[ie sheet, and fins band would have a vertical height 
labeled "x" . Note that the height "x" of the band is defined by the vertical span 
between the Ibcitipn of the uppehnost riosz^^ oiF the print head 6 aiid the lowermost 

15 nozzle of the print head 10, A solid band of the colors yellow, cyan and magenta 
could be produced during the same scan in similar fashion to print four different 
color bands in one scan. 

As those skilled in the art will appreciate, as the print device 2 scans back and 
forth across the paper. The print device 2 can be controlled to print in both 

20 directions. With each scan, the print device 2 moves downward in the vertical 
direction and/or the sheet 4 is moved upward, with the total relative movement 
between the print device and the sheet corresponding to one band. The various ink 
jet nozzles in the print heads 6-28 can be selectively controlled to lay down drops of 
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ink of a given color at precise locations on the sheet, and thereby print a desired 
image of high resolution. The composite of these dots on the page results in the 
production of any desired image on the sheet 4. 

In an exemplary embodimeitt the print heads associated with a given color 
5 (e,g., the print heads 6, 8 and 10 associated with the color black) can be sq>arated 
from one another in the hori2X)ntal direction by a predete width liabelled "y " in 

Figure lA, The separation instance "y " can be provided ^^^^ 
heads in thie renmining rows of print heac^ for the colore ye^^ 

The present invention is not limited to any spe^ciiKc configuration 6f a print 

10 device. For example, a prmt device which includes a siMgle veitical colimn of i^ 
jet nobles, or which includes a single horizontal row of ink jet nozzles can be used. 
The nozzles can be used fbr monotone pripiiii^ or can be s^^ 
groups wherein each group printe a diff^ AltOTKrtely , multiple hori^^^ 

rows or vertical columns of Inkjet npz^es can be used, y^^ the nozades of each 

15 row or associated with a different color ink. Numerous other variations in the print 
head configuration will, of course, be apparent to those skilled in the art* 

As those skilled in flie art will also £$>preciate^^ 
do not constitute a part of the present invention, and are readily available from such 
manufacturers as Hewlett Packard. For exan4>le, the nozzles can be piezoelectric 

20 controlled nozzles which can vary in their specifications with respect to their ink 
spray, or "furing", rate. This rate dictates the speed with which the scanning can be 
implemented. That is, the rate with which an ink jet nozzle can create a drop of a 
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given size (or volimie) on a sheet will dictate the speed with which the scan head can 
be moved: across the steet. 

Having described an exemplary print device, an exemplary method and device 
for controlling ink jet nozzles of such a print device in accordance with the present 
5 invention 'tyijl now te provided. According to a first step of an exemplary method of 
the present inv^ntion^^^^ 
nozzles which have HialfiimGtioned. Th 

mal^nclio]^ cm be detected. In accordant with an exemplaiy 

method, a UMr ihteiface is^^^^^^^^ for idehdfying hoh-workihg ivk jet lioizzles 

10 during a test run of the print device across the sheet 4 in a non-overlap mode (e.g., a 
mode wherein all 128 ink jet nozzles of each print head are sequentially activated at a 
predjetenhined time). 

Referring to Figure IB, malfunctioning Inkjet nozzles can be identified by 
activating a scan of the print device 2 across the sheet 4 to produce a plurality of 

15 print lines (i.e. , one print Une for each print head). The print lines are produced by 
sequentisQly activating the nozzles of each print head for a predetennined period of 
timie, as represented by time ine^rements t, , tj, tj and so forth. This process can be 
performed in parallel for each print head. 

Figure IB illustrates the lines produced on sheet 4 by s^uential activation of 

20 the ink jet nozzles in each print head during a single scan of the print device 2 across 
sheet 4 from right to left. As shown in Figure IB, the Inkjet nozzles of each offset 
print head in flie print device 2 are controlled so that the printing of each of the test 
lines 58-80 begins in vertical alignment with an imaginary, dashed line 30. In the 
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Figure IB example, the sheet 4 is not moved during the printing of the line segments 
in this test phase. Therefore, each individual segment is horizontal, but is stepped 
one pixel down relative to a previously printed, adjacent segment as shown in Figure 
IB. 

5 In an exemplary test phase for identifying malfunctioning ink jet nozzles, note 

that it is the uppermost nozzle for each of the print heads 10, 16 , 22 and 28 which 
will first print at the imaginary vertical line 30 in Figure IB (i.e., assuming the print 
device 2 is scanning frptn ri^t to left), Acconlihgly, Ihe^^^^ in 
each of the print heads 10, 16, 22 and 28 is activa^ted from a t^ 

10 produce a first printed segment for each of the cplorst bjfeck, yelto 

magenta. That is, the uppermost nozzle of the first print iMiad 10 is aetiv 
time tO until time t, to produce a first printed segment 32 on the sheet 4 of Figw 
The iipp^most-nozde of tiie prijtt hea^ 16, 22 and 2S 
segments 34, 36 and 38 from tto 

15 Although the first nozzle for each of the print heads 10^ 16, 22 and 28 is 

shown to have produced a respective printed segment 32, 34, 36 and 38 in Figure 
IB, those skilled in the art will appreciate that if any one of these nozzles had not 
been operating, a segment would not have been produced in Figure IB. For 
example, if the first nozzle of print head 10 is malfiiiictioning, the location oii printed 

20 sheet 4 where segment 32 was to have been printed woiild be blank. As will be 
apparent from a later discussion, this will be used to detect when a printed nozzle is 
malfunctioning, since the absence of a printed segment at a particular location on the 
sheet 4 can be correlated to a particular ink jet nozzle in the print device 2. 
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The foregoing operation is repeated for each ink jet nozzle in each of the print 



heads. As the print device 2 continues to scan to the left hand side of Figure IB, the 
next sequential ink^ j^^ nozzle on each of the print heads 10^ 16, 22 aild IS is activated 
from time tl to time t2. This process is repieated until all ink jet nobles of each 
printed to prittt a segment at a location 

onshe!iE5t;4^:■■■•-^•■^■■•^ - 

It will be further apparent to those skilled in the art that as a subsequent print 
head associated with a given color crosses the imajginary vertical line 30, its 
uppermost ink jet nozzle will be activated. In the exemi>lary illiistration of Figure 
10 IB, it is assumed for purposes of this discussion that at time t6, the uppermost ink jet 
nozzle of the priiit heads 8\ 14^ 20 and 26 has reached thb imaginary vertical line 30: 
Accordingly , at time t6, ttie sixth ink jet hozde of the p 16, 22 and 28 

is activated to produce a reispective segment. Similarly:, the uppermost ink jet nozzle 
for each of the p^^^ heads 8, 14, 20 and 26 is activated at time ^ to produce printed 
15 segments 48, 50, 52 and 54. As the print device 2 continues to scan from right to 
left across the sh^ 4, die nozzles of the various print heads are sequentially 
activated. By the time a given print head reaches another imaginary vertical line 56 
located on the left hand side of Figure IB, all Inkjet nozzles of that print head have 
sequentially been activated for a predetermined period of time to produce one of the 
20 horizontal printed lines in Figure IB. 

The exact timing associated with the control of the ink jet nozzles to produce 
the Figure IB segment, will be apparent to those skilled in the art and need not be 
described in detail. This timing will, of course, be a frinction of the speed with 
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which the print head is scanned across the sheet, and the relative spacing between the 
print heads. It will be further appreciated that where a single print head having a 
single vertical colirain of nozzles is used for each color ink, die respective nozzles for 
each column (i.e., for each color) will be activated at the same time to produce the 
5 line segments u$ed during the test phase to drt^^^ As those 

skilled in the art will appreciate, it is only necessary that all nozzles of the print 
device be activated to print at some time so that malfunctioning nozzles can be 

property identifi^ 

Becaui^ each exeSiipl^^ 

10 128 nozzles, each printed stepped Ih^b^ 

by print head 6) includes 128 segments, each segment having been printed by a 
respective one of die ink jet nozzles. The stepped line 60 corresponds to 128 
segments sequentially produced by the 128 ink j et nozzles of the print head 8 . Tlie 
horizontal line 62 corresponds to 128 segments sequeiuially produced by the 

15 nozzles of the print head 10, 

Similarly, stepped lines 64, 66 and i68 correspondi to stepped lines produced 
by the print heads 12, 14 and 16, reg>ectiveiy. Stepped lines 70, 72 and 7-4 
correspond to stepped lines produced by the print heads 18, 20 and 22, respectively. 
Stepped lines 76, 78 and 80 correspond to stepped lines produced by print heads 24, 

20 26 and 28, respectively. 

As mentioned above, if any nozzle was malfunctioning, a gap will exist in a 
horizontal line associated with a location in the Figure IB test line where that nozzle 
should have been printing. For example, assume that segment "z" of the horizontal 
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line 80 corresponds to a location where the 95th ink jet nozzle of the print head 28 
should have been printing. The absence of ink in this segment can be correlated by a 
user interface 84 (Figure lA) to the 95th nozzle of the piint head 28 to identify the 
malfunctioning nozzle to the user. The user interface can be configured to correlate a 
5 ndssing segment to a p^cuiiu: nozzle automatically. Alflemately, flie user can be 
pron^ted to review the pn segments (e.g., graphlcaU^ print) 

and then enter identification iitformation (e.g., nozzle number) of any malfunctioning 

.nozzles. 

In accordance with an exemplary embodiment, the signals used by a print 

10 device control 82 to activate each nozzle of the printing device 2 in known fashion 
can be directed to the user interface 84. The user interface can receive thfese signals, 
and simulate the Itorizontd of Figure IB on a comptiter display 86, wherein 
npz^e numbers are corri^lated on the display 86 with the line segments. Alternately, 
the user can input the nudfUnctioning nozzle information, By viewing a graphical 

15 print and/or the display, the user can easily identi^ miss The user 

smd/or^^t^^ are malfunctioning in 

a recordi^^ 

(i.e., the identification of the Inkjet nozzles which are malfunctioning) can then be 
stored and processed to control the printing device via print device control 82 in a 
20 manner which compensates for malfunctioning ink jet nozzles. 

Those skilled in the art will appreciate that other techniques for detecting 
malfunctioning Inkjet nozzles can, of course, be used. For example, optical 
detection means (e.g., a charge-coupled device (CCD) camera) can be used in 
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conjunction with the print device to optically identify those ink jet nozzles which are 
not operating properly. In an embodiment where such a camera is included at the 
printer location, the printer will already have information regarding di<5^ to^ 
bad nozzles (e.g., by indexing a position of the camera to the nozzles being observed) 
5 and therefore doesn't need to send the infornwition to the displaiy identif^^ 
malfunctioning nozzle information. 

Once malfunctioning Ink jet nozzles have been detected, id^ntifieii and 
recorded, subsequent steps in accordance with an exemplary embodiment can be 
implemented to control the remaining, properly functioning; iiik jet nobles to 
10 compensate for malfunctioning nozzles. Generally speaking, exemplary 

embodiments of the present invention operate the print device m an interleaved; or 
• overlap, mode of operation, wherein less th^n 100% of the dots in a bamid are p 
duriiig each of the prim hea^ 

scan, different no^es of the print device are scanned oyer the bah^ 
15 which were not printed during the first scan. In accordance with the present 

invention, nozzles which are properly functioning can be used diuring the subsequent 
scan to print areas of the band that shoidd have been primed by the maiifUiK:tipning 
nozzles during the earlier scan (or vice versa). 

Before discussing compensation for malfunctioning nozzles, a brief review of 
20 a 50% overlap mode and a 25% overlap mode will be provided. Referring to Figiure 
2A, printing in a 50% overlap mode will be discussed. During a first scan, or pass, 
of a printing device over a sheet, special print control is used; that is, printing is 
performed to produce an initial band 202 using less than all of the nozzles associated 
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^^^^^^^^^^I^^:^^^ III this ihitiil E^^^ 

subsep^ wi^ii lii^^^ in ui^rin^ fitst 

Thus, after the initial band has been printed, the relative vertical position of tiie print 
device and the sheet is adjusted so that the upper half of ink jet nozdes arc located 
over the band 202 for purposes of implementing a second pass over the band- For 

. ^ ..^M^iiPi^ sheet 
10 are steppe 

the sf)iStti;^^o^^^^ F6r prm^^ 

. only 50% of the dots (e.g., every other dots). 

Thus, in a 50% overlap mode, only 50% of the dots are printed using sdl of 

fife^i^^ upper (jn^^l^ 

15 printed p^ Ijib lower h^ 

3S4 iK)^^ to an ui$rin|ed portioti of tl^ sheet 4, as lepresein^ 

prmting device to produ^ ink in ttet pb^^ In contrast, ^ 

bnlX onfii^l^ 
20 264 in Fig^ 

Befbrd a third pass of the pfirinting device 2 over the Figure 2B image, the 
print device is again moved vertically downward relative to the sheet by a vertical 
distance which corresponds to the height of the original baiid 202. Next, as 
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illustrated in Figure 2C, the upper one half of ttie nozzles in flie printing deviee 2 
pass over the previously printed portion of the band 204 to fill in the nussing dots of 
the given color ink which were not printed when ibis band 204 was originally 
created. The lower half of the nozzles in the printing device pass over an unprinted 
5 portion of th^ sheet to print a first portion of the band 206. Again, only 50% of the 
dots (e.g., pixels) of a given color ink are printed in band 206 at fliis time. 

The foregoing process is repeated until the entire sheet has been printed. As 
those skilled in the art will appreciate, this process results ift the printing heads 
associated with each color ink scanning each band of the image twice, nsing a first 

10 set of nozzles of the printing heads associated with a given color to produce a first set 
of dots in each band, and using a second set of ink jet nozdes of the printing heads 
associated with the same given color to produce a second set of dots in each band 
during a second pass. This process is repeated in each band for each color ink, (For 
example, after a complete band of magenta has been printedi^ ^^^^ 

15 successively scanned and printed with cyan, yellow and black ink. thus, for four 
color printing, each band is; scanned eight tijnMfS (i.e,, twice: for each color)^ 

In a 50% overlap mode, every other dot associated with a given location of 
the sheet (e,g,, each square inch) is printed during a first scan, or pass, over the 
sheet. Afterward, the print device or the sheet is shifted vertically by one half of the 

20 distance associated with tiiie vertical height spanned by the print device, such that 
print device overlaps the previously printed band. During a second pass, the dots 
wWch were not pripted^ 
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During the final pass over the sheet, special treatment which is similar to the 
special treatment used during the first scan over the sheet is used. That is, in the 
final scan, the entire lower half of all nozzles are deactivated. That is, 50% of the 
dots from only the upper half of all nozzles are printed to fill in the missing dots of 
5 the last printed band. 

Now that the 50^ overlap mode of operation has been provided, a brief 
review of the 25 % overlap mode will be provided. In principle, this mode is similar 
to the 50% mode, except that during each of four scans over a band using the print 
heads associated with a given color of ink, only every fourth dot is prmted. During 
10 each of three subsequent passes over a given band of the sheet, another of the four 
dots associated with a given color ink is printed in the band. Thus, four scans of the 
print device 2 are required to print each band of a sheet with a given color of ink. 

To illustrate the 25 % mode, reference is made to Figure 3 wherein four bands 
of a given color (e.g., magenta) are to be printed. During a first scan, the lowermost 
15 one quarter of ttie ink jet nozzles in the magenta print heads are used to produce a 
band having a height which is one quarter the height of a band whidi could have been 
printed if all ink jet nozzles available to print magenta were activated. This is 
represented in Figure 3 b which repr^ssents one quarter of the total 

vertical span of the print heads associated with a given color. During the production 
20 of the band 302 , a first of every four dots in the lower one quarter of the priiit dieviee 
is printed to produce the dots marked "x". Subsequently, the printing device and the 
sheet are m^ onejmother by a vertical di^^^^ <x>iresppnding to one 
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quarter of the Ver^l 
heads of a given color. 

Diiring a second scan, the lower one half of all ink jet nomles are used for 
printing. In this lower one half of all ink jet nozzles., the second of every four dots is 
5 printed. As such, a band labelled 304 is produced, with every fourth dot of the 
lowemfiost quarter of nozzles associated with a given color. Another quarter of the 
nozzles overlap the originally printed band 302. The dots printed in this second scan 
are labelled "o". Subsequently, the print device and the sheet are moved relative to 
one another by a vertical distance corresponding to one quarter the veiiical height 

10 spanned by all nozzles associated with printing a given color. 

In the third scan, the third of every four dots is printed to produce a resultant 
band 306. Note that during this pass, the original band 302 and the originsd band 
304 are overlapped. The pixels printed during this band are labelled "A". 
Afterwards , the priitt device and the sheet are again vertically moved relative to one 

15 another. 

During a fourth scan, a fourth of every four dots is printed, as represented in 
Fipire 3 by "o". Note that in this case, the print devic^^ 

and that after this scan all dots of a given color (e.g., magenta) in the first band 302 
have now been printed. In band 304, 3/4th of the dots have been printed. In the 
20 band 306, one half of the dots have been printed; In the lowermost band 310; only 

every fourth dot has been pri^^ 

A$ can be seen from the foregoing discussion, four passes are required to 
print each band with a given color of ink. This is repeated in the band for each 
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different cx^Iot ink. ITie fo^ is repeated until the entire sheet has been 

printed; -.-- 

Exemplary embodiments of the invention iise an overlap mode of operation, , 
such as the 50% overlap mode or the 25% overlap mode described above, to control 
5 properly functioning nozzles such that they compensate for malfunctioning nozzles. 
In a typical non:Overlap mode of operation, the print device can be operated at a 
maximum scanning speed selected on the basis of the maximum firing rate of the ink 
jet nozzles. Where each nozzle operates in a mode at its fastest rate, this mode 
cannot be used in accordance viritti the present invention. That is, whe^re ail nozzles 

10 are already operating at their maximum firing ratev^^fe^ to 

... compensate for a m^funGtioning nozzle. 

However, in modes of operation wherein the nozzle firing speed is not at its 
maximum, compensation for malfunctioning nozzles can be implemented. For 
example, in a 50% overlap mode wherein the scanning speed is the same as that used 

15 for the non-overlap mode, only 50% of the maximum firing rate is required for each 
ink jet nozzle. Accordingly, nozzles can be activated in tiiis mode of operation to fill 
in for malfunctioning nozzles. However, as those; sMl^^ 

the scanning speed of the print device is doubledj:(e,g:,,^ : 
second to 32 inches per sa:ond)v then once agaiUj aU nozzles wUl be required to 
20 operate at their maximimi firing rate, and no nozzles will be available to fill in for 
malfunctioning nozzles. As those: skilled in the art will appreciate, any Inkjet printer 
having an overlap mode can be used in accordance with exemplary embodiments of 
the present invention, provided the printer is operated in a mode which does not 
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require using the entire bandwidth of tbs print head (e.g., such printa:s are available 
from RASTERGRAPHICS, Inc. of San Jose, California, Hewlett Packard of Palo 
Alto, California, or other similar printing devices). 

Thus, exemplary embodiments of the present invention exploit unused 

5 bandwidth to compensate for malfunctioning nozzles. In a 50% overlap mode, if one 
or more of the nozzles is fimctioning improperly, the ability to completely print a 
given band is lost. Accordingly, exemplary embodiments of the present invention 
compensate for this by using either an earlier scan or a subsequent scan t^ 
not only the dots for the given scan, but also to print those dots which Should have 

10 been printed in a different scan over the same band, by modifykig the control for the 

. . print head. 

Depending on what nozzle in what head is out^ a nozzle in a subse^ent or 
previous band can be used. For example, in a 50% overlap mode, if nozzle 50 in 
head 6 (from Figure lA) is malfunctioning, a nozzle 192 nozzle locations away (e.g., 

15 nozzle 242; i.e., nozzle 114 in head 8) can be used to compensate. That is, nozzle 
114 of head 8 is in the lower half of the 384 nozzles, and can compensate nozzle 50 
during a subsequent scan. Alternately, if tiie 242 no^de is rnalfunctioiiingf t^^^^^ 
nozzle 50 of an earlier scan over the band can be used to compensate. In summary , 
for a 50% printing mode wherein 384 nozzles are used to print a given color ink, the 

20 nozzle number which is 192 nozzle locations from the improper functioning^ 

can be used to print both the dots which it was intended to print, as well as the dots 
which shpwld have bicen pri^te4 by the mal^ different 



over the band. 
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An exemplary implementation of this compensation feature is achieved by 
creating a look-up table havmg a number of entries which corresponds to the number 
of nozzles in flie print head (or heads) used for each color (e.g. , 384 entries for the 
Figure 1 A print device). In an exemplary embodiment, a look-up table is provided 
5 for each scan over a given band. Thus, for four color printing in a 50% mode, eight 
look-up tables can be provided (two for each color ink). For four color printing in a 
25% mode (where each band is printed using four scans of each color), sixteen look- 
up tables can be provided (four for each color), 

fach entry of tiie look-up table includes a mask to control the prmting of dots 

10 during a given scan. In an exemplary embodiment, a hexidecimal notation can be 
used for the masks. For example, a mask shown in Figure 4A can be represented in 
the look-up table by the hexidecimal number "55H" (see Figure 5A), where '*H" 
merely denotes that "55* represents the hexidecimal mask of Figure 4A. The total 
number of dots which can be printed m a line across the sheet 4 by an individual 

15 nozzle during a single scan across the ^eet corresponds to ^e total number of entries 
in the mask or a multiple thereof (e.g., where flie mask is repeated within each line). 
For a subsequent scan over the same line of the band, the mask would be "AAH"* as 
shown in Figure 4B. Thus, for ^ first scan A over any given line of a band, all of the 
masks are represented as "55" , while for each interleaved scan B over the same line 

20 of the band, the mask would be "AA" , or vice versa. Where the nozzle used to print 
the dots associated with the mask of Figure 4 A is malfunctioning, the mask of Figure 
4A is "ORed" with the mask of Figure 4B to produce a compensatory mask "FFH" 
of Figure 4C. The n^ 4C controls an ink jet nozzle of another scan over 
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the line of the band so as to print the dots which should have been printed via the 
mask of Figure 4A, as well as the dots printed via the mask of Figure 4B. 

The look-up table can be stored for each scan, or can be regenerated for each 
band, such that there is no need to provide a different table for each scan. Where 
5 every otiier mask is the same (as in a 50% overiap mode), the look-up table can flip 

back and forth between tfie masks for two scans over each band as shown m Figure 
5A, wherein the jRrst column illustrates masks for controlling the 384 nozzles 
associated with a given color during a first scan over a band, and the second column 
illustrates masks for controUing 384 nozzles associated with tite same ^lor during a 

JO second scan on^er the band. Figure 5B illustrates a selection of masks which can be 
used to create a checkerboard pattern of ink jet nozzle control. 

Referring to Figure 5A, assume that a missing nozzle number 50 is detected 
which affects the dots printed during the first scan A over a given band. The 
contents of the scan B over the band are modified to compensate for this. As such, 

15 when the scan B over the band is performed, nozzle number 242 is activated to fill m 
for the missing nozzle (i.e. , the nozzje 192 locations firom noJEzIe 50). To achieve : 
this, in line nuiirt>er 242 of the sp^^^ 

includes the mask of "AA", plus an instruction to activate a nozzle to fdl in for the 
malfunctiontng nozzle (tiiiat is; tlK scan tnasks "55" and "AA" of Figures 4A and 4B 
20 are "ORed" to produ^s die Figi^e 4G mask as an entry^^ of the Figure 5A "Scan v 
B^lookTUp table> Thtis, the scan B mask has been mcxlified. :: 

The scan A mask look-up table must also^ te printing 
during scan B, nozzle 50 was again inactive. Therefore, in the scan A look-up table, 
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the scan A mask at location 242 is also compensated for the fact that nozzle number 
50 was out durfaxg the scan B, To achieve this compensation, flie scan A and scan B 
masks are again "ORed" to produce the Figure 4C mask for storage of nozzle 
location 242 of tfie scan A look-up table. A shnilar compei^ation has been illustrated 
5 in the two Figure 5B look-i^) tables used to implement a checkerboard pattern of dot 
printing in a given color. Those skilled in the art will appreciate that look-up tables 
associated with the remaming three colors of ink can be similarly produced. 

Thus, exemplary embodiments control the output of ink jet nozzles in a 
printing device to condensate for malfuiu:tiomng nozzles by generatmg a look-up 

10 table of control signals for the nozzles, and by modifying contents of entries in the 

- lookrUp table to account for malfunctioning nozzles. 

Note that in the 50% mode described above, the look-up table is regenerated 
for each scan, and the same entry in both tb& A scan mask znd the B scan mask will 
be modified. However, those skilled in the art will appreciate that separate tables for 

15 the scan A and the scan B masks can be generated and stored. During printing, the 
system can then track which scan mask is currently being used, and then activate the 
appropriate look-up table. Note that theoretically, in the 50% mode, one half of the 
nozzles can be malfunctioning, and^^^y^^^ 

properly functioning nozzle is located 192 nozzle locations away from all 
20 malfiinctioning nozzles. 

Having described a 50% mode of operation, a 25% mode of operation will 
now be discniss^^^^ A 25% mcKle hsus, in exemplary embodinient, four look-up 
tables for ei^ch color ink ais showii in Fig^e^ Ttais, if a nozzle is malfunctioning, 
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there are thrie^ otter scan masks that can be modified to fill in for ^ maliunpUonjm 
nozzle. Accordingly, malftinctioning nozzles can be coija 
nozzle in a previous or a subsequent scan that is 96 noales away from the 
malfunctioning nozzle, or by using a nozzle two scans away (e.g. , 192 nozzles) fi?om 
5 the malfiinctionmg nozzle, or by using a nozzle three scans away (e.g., 288 nozdes) 
from the malfunctioning nozzle. Further, each of the four look-up tables must be 
corrected in a manner similar to that described with respect to compensatmg for 
malfunctioning nozzles in the 50% mode. 

For example, consider the mask for each nozzle during scan A^is "0X11 " , tte 

Id mask for scan B is "0X22", the mask for each nozrie during scan C is "0X44'*; and 
the mask for each nozzle during scan D is "0X88" as shown in Figmre 5C. As those 
skilled in the art will appreciate, each of these masks results in one of every fourth 
dot being printed during a given scan. However, where a particular ink jet nozzle is 
malfunctioning, any of the remaining three scans associated with each printed band 

15 can be used to compensate for tte malfunctioning nozzle. As such, two nozzles 
which are offset by 96 nozzles can te malfunctioning, and still achieve complete 
printing. 

Having generally described 50% and 25% overlap modes, alternate 
embodiments will now te described in accordance With exemplary embodiments of 
20 the present invention. One alternate embodiment achieves increased quality by 
staggering nozzles which are activated during successive bands in, for example, a 
checkerboard pattern as described with respect to Figure 5B. Of course, when a 
malfunctioning nozzle is detected, the generated compensation for the table entries 
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will change accordingly (as described previously). Note that in a 50% mode, the 
same logic ftmetion ^rresultm^ 

regardless of whether the checkerboard pattern is unplemented o^^ not. 

In contrast, in a 25% mode, any number of different patterns can be used. To 
5 correct for malfunctioning nozzles in scan B, a revision to the scan A mask is 
required. Similarly, to compensate for malfunctioning nozzles of scan A, 
compensation to the scan B mask is required. In scan C, npz^des which could not be 
printed in scan B can be compensated. Similarly, in scan D, nozzles which could not 
be printed in scan C are compensated. This is repeated for each of the iscans during 

10 the printing process. The key is that malfunctioning nozzles in a current scan are 
compensated in a previou&^ o^^^^^ 

Of coursCv those skUlttl in tiie art will appreciate that in a 25% mode, the 
scan masks need not r^at eveiy fourth scan. For ex^miple, they could rq)eat every 
eight band or every twelfth band. Those skilled in the art will appreciate that any 

15 desired configuration can be used, it only being n^^essary that all dots are printed 
despite the existence of malfunctioning nozzles* 

Having described the use of alternate patterns in die lookrup table^ yet another 
alternate embodiment of the present invention will be: described as a "double strike" 
mode. The double strike mode is used to print on difticult-to-print surfaces such as 

20 vinyl where an ink dot does not spread out very well on the printable medium. In a 
double strike mode (2), unlike a single strike mode (1), all dots of a band are printed 
during^ first scan^ Afteiwsuxls, the band is resq^mned to create two layers of ink on 
each dot. As stich, the full biandwid^ the print device is required even during a 
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50% mode. However, if a double strike mode is implemented in a 25 % printing 
mode, then 100% bandwidth is not required and condensation according to the 
present invention can be implemented. A summaiy of exempila 
which can be used to implement compensation (comp) of the present invention for 
5 nominal speeds (Ix) and twice nominal speeds (2x) is set forth in the following table: 



1 SPEED 


OVEIOAP 


STRIKE 


COMP 


COVERAGE 
ONUNES 
WITH MISSING 
NOZZLES 


ix 


. no 


1 


no 


0% 


Ix 


50% 


1 


yes 


100% 


Ix 


50% 


2 


no 


50% 


Ix 


25% 


1 


yes 


100% 


Ix 


25% 


2 


yes 


100% 


2x 


50% 


L:.: I - 




50% 


2x 


25% 




yes 


100% 


2x 


25% 


2 


no 


75% 



15 Of course, those skilled in the art will appreciate that embodiments of the 

invention can be varied from the exemplary embodiments described above. For 
example, as mentioned previously, any print head configuration which can be 
operated in an overlap mode of operation can be used. Further, any number of print 
heads and ink colors can be used in accordance with the present invention. In 

20 addition, any type of memory can be used to store the masks used to control the iiik 
jet nozzles of the various print heads: For exan4>le, a single naemory device can b^^^^ 
used to store the masks for all print heads. Further, rather than stdrmg a separate 
mask for every ink jet nozzle as shown in Figure 5A, a single masfk could be stored 
for each of the scan A and scan B print operations. In addition, any masks which 

25 have been modified can be stored with an identifier that associates the mask with a 
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given nozzle. During a print operation, the device controller can track which nozzle 
should be printing at any given time, and if necessary, access a modified mask for a 
nozzle whose control has been altered to compensate for a malfunctioning nozzle. Of 
course, those skilled in the art will appreciate that ^y of a number of methods for 
5 storing scan mask uiformation can be used, and the present information is not lunited 
by the exemplary embodiments of the scan mask storage as deiscribed above. 

It will be appreciated by those skilled m the art that the present invention can 
be en^bodied in other specific forms without dep^ing from the spurit or essential 
characteristics .tiiereof. The presently disclosed embodiments are therefore 
10 considered m Ml respects to be illusti-ative and not restricted. The scope of the 
invention is indicated by the appended claims rather than the fbregou^ description 
and all changes that come widun the meaning and range and e^ivalence thereof are 
intended to be embraced therein. 
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WHAT IS CLiSiOT 

1. Meftpd for Qpntt^^ 
the 'steps Of: " ' 

idemifying in^^ 

5 mdr ■■■■■■■ 

controlling the ouQ)ut of reimining ink jet nozzles in the printing devi^^ 
compensate for said malfunctioning Inkjet nozzles, 

includes a Step of: 

■ 10.: ■ •: seftieiitijaj^ 

print device. .•• , ■ " 

j: Method according to clsum 2, wherein said step of sequentially 
activating further includes a step of: 

•includes- a^step- of: ;• • ■ •.■ 

coi^elaUng an a^ence of p^ 
• •psulicularink ■ • ■ . 

5. Method according to claim 4, wherein said step of identifying further 
. -20 ' inctiides a^'Stepibf: 

sinmlatjtag liij^ 

■ ■ said^ijpkjet^^^ 

6. Methodaca)rdingtocknn5, wherein said step Qf identifying further 
includes a step of : 

25 storing infbniiatfon wl^^ 

7. Method aii^^^ 
. includes- aiscep^^^^^ 

operating said printing device in an interleaved mode of operation; and 
using said remaimng ink jet nozzles in one scan over a printed band to 
30 compensate for portions of said band that should have been printed by s 
malfunctioning Ink jet nozzles during another scan over the band. 
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8. Method according to claim 7, fiirther including a step of: 
repeatedly scanning a printable medium with said printing device in a first 

direction; and 

shifting a relative location of said printing device and said printable medium 
5 during each successive scan in a second direction which is perpendicular to skid fSrst 
direction. 

9. Method according to claim 7, wherein said operation is a 50% 
mterleaved mode of operation. 

10. Method according to claim 7, wherein said operation is a 25% 
10 interleaved mode of operation. 

11. Method according to claim 1, further including a step og 

storing information for controlling said remaining ink jet nozzles in a Ipck-up 

table. 

12. Me&od according to claim ilv further mcluding a st 

15 regenerating information stored m said look-up table for each scan of said 

printing device oyer a printable mediimi. 

13. . Apparatos for controlling ink jet nozzles of a printing device 
comprising: 

a print device controller for controlling an output of ink jet nozzles in the 
20 printmg device to compensate for ink jet nozzles 

a user interfece for storing information regarding ink jet nozzles deteiMihed^^ 
to be malfunctioning, 

14. Apparatus according to claim 13v further inclu^^^ 
25 at least one look-up table for storing a mask used to control said ink jet 

nozzles during a given scan of the print device over a printable medium. 

15. Apparatus according to claim 13, fur^ 
a display operatively connected wifli said user interface for displaying 

infonnation wlUQb Identifif^^^^^^ mlfuiiptioniti^ 
30 16. A jprintiiig system com^ » 
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at least one pruit he^^^ pmtiiig i)na|^^ p^^ 

; me#um;:'. • • , 

a print device conii^ller for eoiflTolUtig^M^ in ife 

printing device to compensate for ink jet nozzles df^ii^^ 

5' and ■ 

a user interface for storing information regarding ink jet nozzles determined 
to be malfunctioning. 
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